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Introduction
The first macrocycles incorporating naphthalene moieties were described in 1930s, [1] and since that time dozens of works appeared in which various macrocyclic compounds bearing this endocyclic fragment were described. Macrocycles containing 2,3-disubstituted naphthalene fragment have been investigated for alkali metals, ammonium and alkylammonium salts coordination, [2] [3] [4] [5] [6] [7] as well as macrocycles possessing two naphthalene and two polyoxa fragments. [8, 9] Macrocycles with polyoxa chains were obtained on the basis of 1,5-1,7-and 1,8-disubstituted naphthalene and their complexing properties towards alkali metals were studied. [5] [6] [7] [8] [9] [10] Several works deal with polyoxamacrocycles organized around 2,2'-and 3,3'-disubstituted 1,1'-binaphthalenes, [6, 7] among these compounds there are sophisticated macrotricyclic cryptands bearing two 1,10-diaza-18-crown-6 fragments. [11] Spherands with 2,2'-dioxy-1,1'-binaphthalenes and 2,7-disubstituted 1,8-dihydroxynaphtahlene moieties constitute another class of macrocycles, [10, 12] the latter compound was tested in the coordination studies with Mg(II), Fe(II), Co(II), Ni(II) and Zn(II) cations. Various nitrogen-containing macrocycles with naphthalene moieties were reported, among them are cyclic Schiff bases, [13] diamides and diimides, [14, 15] lactams; [16] naphthalene fragments were also condensed with tetraazamacrocycles. [17] Naphthalene fragments were combined with calixarenes, [18] catenanes, [19] and porphyrins. [20] Besides coordination with alkali cations, naphthalene-containing macrocycles were used for the formation of anion receptors and molecular rotors. [21, 22] Experimental NMR spectra were registered using Bruker Avance 400 spectrometer, MALDI-TOF spectra were obtained with Bruker Ultraflex spectrometer using 1,8,9-trihydroxyanthracene as matrix and PEGs as internal standards. 1-Bromo-4-methylnaphthalene, di-and polyamines 7a-j, 2-(dicyclohexylphosphino)-2'-(dimethylamino)-1,1'-biphenyl (DavePhos ligand), sodium tertbutoxide were purchased from Aldrich and Acros and used without further purification. Cis-glyoxal-cyclen 1 and bis-formaldehydecyclam 2 were provided by CheMatech Co. 1-Bromo-4-(bromomethyl)naphthalene was synthesized in 90 % yield from 1-bromo-4-methylnaphthalene according to a standard procedure using bromination with Br 2 in CCl 4 . Pd(dba) 2 was synthesized according to a known method. [23] Dioxane was distilled over NaOH followed by the distillation over sodium under argon, acetonitrile was distilled over CaH 2 , dichloromethane and methanol were used freshly distilled. (3) . A flask equipped with a reflux condenser and magnetic stirrer was charged with cis-glyoxal-cyclen 1 (1.00 g, 5.1 mmol), 1-bromo-4-(bromomethyl)naphthalene (3.06 g, 10.2 mmol) and 17 mL of acetonitrile. The mixture was heated at 50-60 o C for 80 h, the white precipitate formed was filtered off, washed with cold acetonitrile (2×15 mL) and dried in vacuo at 100C NMR (DMSO-d 6 , 298 K) δ c ppm: 42.5 (2C), 46.1 (2C), 55.9 (2C), 56.3 (2C), 59.6 (2C), 76.0 (2C), 123.9 (2C), 124.7 (2C), 126. (4) . A flask equipped with a magnetic stirrer was charged with bis-formaldehydecyclam 2 (2.5 g, 11.2 mmol), 1-bromo-4-(bromomethyl)naphthalene (6.9 g, 23 mmol) and 75 mL of acetonitrile. The reaction mixture was stirred at room temperature for 24 h, the white precipitate formed was filtered off, washed with cold acetonitrile (3×50 mL) and dried in vacuo at 100 o C. Yield 7.05 g (76 %). The compound is almost insoluble in common solvents like D 2 O, CD 3 OD and DMSO-d 6 , thus NMR spectra were not recorded and the compound was used directly in the second step. (6) . A flask equipped with a reflux condenser and magnetic stirrer was charged with disalt 4 (7.05 g, 8.56 mmol), NaOH (14 g, 0.35 mmol) and 100 mL of water. The mixture was stirred at 90 o C for 48 h, cooled down to ambient temperature, extracted with CH 2 Cl 2 (3×50 mL). The organic phase was dried over Na 2 SO 4 , the solvent was evaporated in vacuo, and the product was obtained as a yellowish crystalline powder. Yield 
(2C).
Typical procedure for the synthesis of macrobicycles 8, 9. A two-neck flask equipped with a reflux condenser and magnetic stirrer, flushed with dry argon, was charged with compound 5 or 6 (0.5 mmol), Pd(dba) 2 (44 mg, 16 mol%), DavePhos ligand (32 mg, 16 mol%), absolute dioxane (25 mL), the mixture was stirred for 2-3 min, then appropriate polyamine 7 (0.5 mmol) was added followed by t-BuONa (144 mg, 1.5 mmol). The reaction mixture was stirred at reflux for 24 h, cooled down to ambient temperature, the solvent was filtered and the residue washed with CH 2 Cl 2 (3×5 mL), combined organic fractions were evaporated in vacuo and the oily residue chromatographed on silica gel using a sequence of eluents: CH 2 
because initial experiments unexpectedly demonstrated low efficiency of a standard BINAP (2,2'-bis(diphenylphosphino)-1,1'-binaphthalene) ligand. It was surprising because 1-and 2-bromonaphthalenes are known to be very active substrates in Pd-catalyzed amination reactions. [29] [30] [31] This fact may be explained by the presence of the tetraazamacrocyclic fragment which competes with the phosphine ligand in the coordination of Pd(0) partially removing it from the catalytic cycle.
Target compounds 8 and 9 were obtained after column chromatography on silica gel, in order to isolate them from mixtures with macrotricyclic cyclodimers which were formed in comparable amounts. The use of the minimal amount of silica gel helped to obtain pure target cryptands. Cyclen-containing macrobicycles 8 were obtained in moderate yields, while the yields of cyclam-containing cryptands 9 were always low ( Table 1 ). Higher yields of the cyclen derivatives compared to cyclam derivatives were observed by us earlier in the majority of cases where macrobicycles were synthesized. [27] The cryptands yields do not notably depend on the chain length of polyamines but rather on the number of nitrogen atoms, it was noted that NHCH 2 CH 2 NH and OCH 2 CH 2 O fragments present in polyamine structure diminish the yields (Table 1 , entries 5, 6, 8) . It may be explained by a better coordination of Pd(0) by these fragments which form stable chelates and hinder amination reaction. It is interesting to note that in some cases the decrease in the catalyst loading from 16 to 8 mol% together with the increase in the reagents concentration from 0.02 to 0.04 M and application of 1.5 equiv. of polyamine led to better yields of the target macrobicycles 8 (entries 9, 12). The formation of cyclic dimers and higher mass oligomers was noted in all reactions, however, macrotricycles 10 were isolated only in the case of cyclen derivatives and in some cases their yields were even higher than those of target cryptands 8 (entries 4, 5, 11). Cyclic oligomers of higher masses have been never isolated as individual compounds, but in some cases corresponding signals were observed in MALDI-TOF spectra of mixtures.
Conclusions
As a result, we elaborated cryptands containing tetraazamacrocycle, two naphthylmethyl and polyamine moieties using Pd-catalyzed macrocyclization of easily avaialable trans-N,N'-bis(naphthylmethyl) derivatives of cyclen and cyclam. The yields of the target macrobicycles were shown to be dependent on the nature of starting compounds, better yields being observed in the case of cyclen derivatives. Interesting macrotricyclic compounds were obtained as the second products in the reactions of the cyclen derivative with polyamines. b) The reaction was run using 8/9 mol% Pd(dba) 2 /DavePhos, C = 0.04 M, and polyamine:5 mole ratio 1.5:1.
